Cerebral energy metabolism during hypoxia-ischemia and early recovery in immature rats.
Persistent alterations in cellular energy homeostasis may contribute to the brain damage that evolves from perinatal cerebral hypoxia-ischemia. Accordingly, the presence and extent of perturbations in high-energy phosphate reserves were analyzed during hypoxia-ischemia and the early recovery period in the immature rat. Seven-day postnatal rats were subjected to unilateral common carotid artery ligation and hypoxia with 8% oxygen at 37 degrees C for 3 h, an insult that produces damage (selective neuronal necrosis or infarction) of the cerebral hemisphere ipsilateral to the common carotid artery ligation in 92% of animals. Rat pups were quick frozen in liquid nitrogen during hypoxia-ischemia and at 10, 30, and 60 min and 4 and 24 h of recovery for enzymatic, fluorometric analysis of phosphocreatine (PCr), creatine, ATP, ADP, and AMP. During hypoxia-ischemia, PCr, ATP, and total adenine nucleotides were decreased by 87, 72, and 50% of control, respectively. During recovery, PCr, ATP, and total adenine nucleotides exhibited a rapid (within 10 min) although incomplete and heterogeneous recovery that persisted for at least 24 h. Mean values for PCr remained between 55 and 85% of control, whereas ATP values remained between 57 and 67% of control. Individual ATP values were inversely related to tissue water content at 10 min of recovery, indicating a close correlation between failure of energy restoration and the extent of cerebral edema as a reflection of brain damage. Thus high-energy phosphate reserves display lingering alterations during recovery from hypoxia-ischemia. The interanimal variability in energy restoration presumably reflects the spectrum of brain damage seen in this model of perinatal cerebral hypoxia-ischemia.